Effective elastic constants of polycrystalline materials were determined with a recently developed method. This method bases on the modelation of the actual material by a cluster of 100 to 500 single crystals. In the present version of the scheme parallelepipeds are used. The ODF was calculated with the series expansion method. The transformation of this ODF into a finite sum of single orientations permits to assign any grain an individual orientation.
INTRODUCTION
First attempts to gain access to the effective elastic moduli of polycrystalline substances were carried out by Voigt (1910) and Reuss (1929) . These methods base on the assumption that throughout the whole material the strain or the stress is constant. For that reason the moduli of Voigt and Reuss are simply volume averages of the orientation-dependent stiffnesses and compliances, respectively. As a consequence the effect of the grain interaction is neglected. Hill (1952) shows that the actual effective constants lie within these values of Voigt and Reuss. For many samples the arithmetic mean of these two values the so-called Hill value approximates the experimental data quite well. For highly anisotropic materials the Hill value fails. An overview of these and some other conservative methods has recently been published (Morawiec, 1994) .
The first successful method which takes the grain interaction into consideration was developed by Krtner (Krtner, 1958; Kneer, 1964; Kneer, 1965; Morris, 1971) . If there is no correlation between the grains and the mean grain shape is spherical this method yields the exact polycrystal constants (Krtner, 1977) . The vastly increasing capacity of modem electronic computers in the past decade leads to new approaches in material sciences. The recently developed schemes by Kumar (1992) and Fritsche (1994a, 1994b) base on the modelation of the actual material by an aggregate of 100-1000 grains. This aggregate is subjected to an homogeneous deformation at the entire surface of the cluster. The stress and strain field inside the cluster are then calculated. The stress-strain relation of the macroscopic homogeneous sample yields its effective elastic moduli. (Bunge, 1982) .
After determining the ODF with this series expansion method we transform it into a finite sum of single orientations. For that purpose we calculate the values of the ODF on a grid in the Euler space. Values which are less than zero are replaced by zero since the ODF is a density and therefore non-negative. We integrate the ODF over a narrow region of the Euler space. If the integrated value is greater than one we identify this region with a single-orientation. Varying the size of the integration region guarantees that the whole ODF is transformed into a sum of single orientations. The number of these orientations is variable since the ODF is determined apart from a normalisation constant.
After explaining the determination of the individual orientations of the grains we give a brief description of the recently developed method to calculate effective elastic constants (for details see (Kiewel and Fritsche, 1994b) (Kiewel and Fritsche, 1994b Eqs. (6) and (5) in (9) and minimising this error_we obtain a set of inhomogeneous linear equations which we cast as Ma I.
(10) The displacement g0(x) at the surface of the cluster causes the inhomogeneity /.
The solution vector _a of (10) yields the displacement and therefore the strain and stress tensor inside the cluster. We form the averages of _e(_r) and o5 (r) over the volume of the cluster:
.e 1 (,(r)) .
The stress-strain relation of the macroscopic homogeneous material yields then the effective elastic constants Cijkl:
RESULTS AND DISCUSSION
Test of the ODF-simulation We first test our scheme transforming an ODF into a finite sum of single orientations. For that purpose we compare results obtained with the ODF-simulation scheme with 46 N.J. PARK ET AL. that directly calculated from the coefficients C/v of the series expansion method described in (Bunge, 1982 (Bunge, 1982) and therefore is not suitable to examine the convergence of the series expansion of the ODF. With decreasing cut-off value the curves become smoother.
This nearly ideal orientation shows that an lm value of at least 22 has to be used to represent strong textures satisfactorily.
Investigations of Experimental Textures
After carrying out these preliminary investigations we present elastic constants for some substances whose ODF results from pole figure measurements. The single crystal data are displayed in Tables 1, 2 With Co K-radiation in steps Aa 5 , A/3 3.6 up to am 70 using an automatic X-ray texture goniometer. The inversion of the pole figures was carried out using an iterative positivity method of the pole figures. The maximum series expansion degree lm was 34. The complete ODF was then obtained by the positivity method of the even ODF (Dahms, 1989) .
In 95% cold-rolled copper a strong texture was developed with a maximum value of 19.75 random (Figure 4) The texture of the 95% cold-rolled brass (Cu-30wt.%Zn) is different from that of the copper. It can be represented by the brass-type orientation only ( Figure 5 ). This is also mirrored in the course of the E-modulus: The maximum of E in the sheet is reached in the transverse, the minimum at 45 to the normal direction. (Bradfield, 1962) (Rodriguez et al., 1993) L** In a cold-rolled and recrystallised aluminium two ideal orientations were developed (Figure 6) i.e. a stronger cube texture (g {0 , 0 , 0 or {100}<001>) with an orientation density of 22.12 x random and a minor S-orientation (g {59 , 37 , 63 or 123 }<634>). The direction dependence of Young's modulus is characteristical for recrystallised fcc-metals (Wassermann, 1962 Figures 4 and 5 . The results of the cluster method lie always within these narrow bounds of Voigt and Reuss. Therefore we are in the position to guarantee the reliability of our cluster approach. ARMCO-iron was cold rolled in two different modes, i.e. 90% straight-rolled and 93% cross-rolled (with a rotation of the rolling direction through 90 after each individual pass). The straight-rolling texture can be described by two tubes of preferred orientations (Figure 7 (Liu, 1990 diffraction peaks. The ODF is shown in Figure 11 . The texture can be described by six components which must be due to a strong deformation texture in the cubic parent state with subsequent oriented phase transformation to the martcnsitic state (Park, 1994 
